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prising multi-tap delay lines introduces delays in a trans-
mitted message to compensate for skew 1n the communica-
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1
CALIBRATING COMMUNICATION LINES

BACKGROUND

Communication lines transmit information between a
source (transmitter) and a destination (receiver). Wired
communication refers to the transmaission of data over a
wire-based communication technology. Wired communica-
tion may be single-ended or differential. In single-ended
communication lines one wire may carry a varying voltage
that represents the signal, while the other wire may be
connected to a reference voltage, usually ground. Difleren-
t1al communication lines transmit information as the differ-
ence between voltages on a pair ol wires. An example of
such a line 1s a twisted-pair copper cable line. A differential
communication line may comprise multiple parallel pairs of
wires.

BRIEF DESCRIPTION

Some non-limiting examples of the present disclosure are
described 1n the following with reference to the appended
drawings, 1n which:

FIG. 1 schematically illustrates a communication line
connecting a transmitter and a receiver according to an
example;

FIG. 2 schematically illustrates a differential communi-
cation line according to an example;

FIG. 3A schematically illustrates a device to calibrate a
differential communication line, according to an example;

FIG. 3B schematically illustrates a diagram of bit
sequences as transmitted over a multi-pair cable according
to an example;

FIG. 3C schematically illustrates a diagram of bit
sequences as recerved over a multi-pair cable with skew
according to an example;

FIG. 3D schematically illustrates a diagram of received
bit sequences after skew has been compensated according to
an example;

FIG. 4 1s a flow diagram of a method of calibrating a
differential communication line, according to an example;

FIG. 5 schematically illustrates a device to calibrate a
differential communication line, according to another
example;

FIG. 6 schematically illustrates a block diagram of a
printer comprising a skew calibration device according to an
example;

FIG. 7 schematically illustrates a flow diagram of oper-
ating a printer using cable calibration logic according to an
example;

FIG. 8 schematically illustrates a flow diagram of a
method of categorizing cables according to an example.

DETAILED DESCRIPTION

A differential wire pair may carry a data channel at a data
rate that 1s a factor of a clock’s frequency. To increase the
data rate, 1n single-ended as well as 1n differential commu-
nication lines, multiple serial data channels may be grouped
in parallel and a parallel clock channel may be added for
synchronization.

Multi gigabit-per-second data-throughput applications,
such as the communication line between a printer’s engine
board and the printer’s carriage board in a large format
printer (LFP), specity a cable length of up to nine meters, a
bandwidth above 4 Gbps and multi-million cycle commu-
nication systems. Twisted-pair cables with Small Computer
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2

System Interface (SCSI) connectors may provide cable
lengths up to 9 meters and more than 3 million scan cycles.

FIG. 1 schematically illustrates a communication line
connecting a transmitter and a receirver. The communication
line may be connecting a printer’s engine board with the
printer’s carriage board. Engine board 105 may comprise a
connector 110. A multi-wire cable 115 may be coupled at
one end to the connector 110 and at the other end fto
connector 120 of carriage board 125. In a multi-wire com-
munication line, the bandwidth of the cable may be limited
by skew between the wires of the cable. The receiver, e.g.
the carriage board, may sample the received data synchro-
nously with the transmitted clock. When the frequency
increases, skew between the wires may generate errors in the
transmission during the sampling of the input signal at the
sampling point. To counter skew, cable calibration logic 130
may be used at the recerver.

For high bandwidth applications, such as the communi-
cation between a printer’s engine board with the printer’s
carriage board, a communication line following a low-
voltage differential signal (LVDS) serial communication
protocol may be used. FIG. 2 schematically illustrates a
differential communication line. Transmitter 205 may com-
prise a data processor 207, a low-voltage diflerential signal
(LVDS) transcerver 209 and a connector 210. Recerver 225
may comprise a connector 220, an LVDS transceiver 222
and a data processor 224. A multi-pair cable 215 may be
coupled between connectors 210 and 220. The multi-pair
cable may carry a dock signal and multiple LVDS data
channels. The clock signal may be used to sample the LVDS
data. The LVDS channels may be sampled synchronously.
Thus, skew between the data channels may limit the sam-
pling frequency and therefore the bandwidth of the differ-
ential communication line. Furthermore, skew may be a
factor of the cable’s length. Thus, longer cables may sufler
more skew than shorter cables. As a result, bandwidth of
longer cables may be reduced compared to bandwidth of
shorter cables. To counter the effect of skew, calibration of
the differential communication line with cable calibration
logic 223 1s proposed at the receiver as part of LVDS
transceiver 222 or between LVDS transceiver 222 and data
processor 224.

FIG. 3A schematically illustrates a device to calibrate a
differential communication line. The device may comprise a
clock 305. The clock 305 may set a frequency of transmis-
s1on through the differential communication line. The device
may further comprise a delay or skew compensator 310. The
delay compensator 310 may comprise multi-tap delay lines.
The multi-tap delay lines may introduce delays 1n a received
message. The mtroduced delays may compensate for skew
in the differential communication line. The device may
further comprise an error comparator 3135. The error com-
parator may be coupled to the delay compensator 310. The
error comparator 315 may identify errors in the messages
transmitted through the multi-tap delay lines. The error
identification may be based on a, e.g. preselected, error
margin. The device may further comprise a delay selector
320. The delay selector 320 may be coupled to the error
comparator 315 and to the delay compensator 310. The
delay selector 320 may select taps of the multi-tap delay
lines of the delay compensator 310. The device may further
comprise a memory 325 to store tap indicators of the
multi-tap delay lines where no errors are identified for the
selected clock frequency. The tap indicators may be stored
in a table entry of the memory. Fach table entry may
correspond to a tap. Each table entry may store an indication
of correct or 1mcorrect transmission. By {filling in the table
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entries with the various selected tap delays, the device may
identify a tap range of correct transmission. Then, a median
tap of the identified range may be selected and the corre-
sponding delay may be applied to the communication line.

FIG. 3B schematically illustrates a diagram of bit
sequences as transmitted over a multi-pair cable. At trans-
mission, the bit sequences B1 and B2 may be aligned to be
transmitted synchronously based on the clock frequency
during a sampling window. FI1G. 3C schematically illustrates
a diagram of bit sequences B1 and B2 as received over a
multi-pair cable with skew. As indicated 1n FIG. 3C, the bit
sequence B1 may arrive earlier than the bit sequence B2 due
to skew between the pairs. Thus, unless the sampling win-
dow 1s big enough to account for the delay, then synchro-
nous sampling may result in errors at the receiver. However,
a bigger sampling window may result 1n a lower transmis-
sion frequency. FIG. 3D schematically illustrates a diagram
of bit sequences B1 and B2 after skew has been compen-
sated. As may be seen, using a skew compensator as the one
described with reference to FIG. 3 A, the bit sequences may
be aligned after reception and synchronous sampling may
thus be performed at higher frequencies, compared to when
no skew compensator 1s present.

FIG. 4 1s a flow diagram of a method of calibrating a
differential communication line, according to an example. In
block 405, a clock frequency is selected. Then 1n block 410,
a known sequence 1s selected for transmission. The known
sequence may be a pseudo-random sequence, €.g. a poly-
nomial pseudo-random sequence. Then, in block 415 a
meter 1 may be set to 0. The meter may correspond to a delay
index. The calibration system may comprise k number of
delays, e.g. tap delays. In block 420, delay 1 may be selected.
The selected known sequence may then be transmitted, e.g.
by a printer engine board, and received with a delay 1 by the
receiver, €.g2. by a printer carriage board. In block 425, it
may be checked i1 the received sequence has been recerved
correctly. I the sequence 1s received correctly then, in block
427, a table entry 1n a memory corresponding to the intro-
duced delay may be written or updated with an imndication of
successiul reception. Otherwise, i block 429, a table entry
in a memory corresponding to the mtroduced delay may be
written or updated with an indication of unsuccesstul recep-
tion. For example, the table may comprise a binary matrix
and the indication may be “1” for successiul reception and
“0” otherwise. In block 430, the index 1 may be incremented
by 1. In block 435, 1t may be checked 1f the index 1 has
exceeded k, 1.¢. 11 all delays have been tested. I1 this may not
be the case, then the process may select the next delay in
block 420. Otherwise, in block 440, a median of the table
entries corresponding to correct reception may be 1dentified.
In block 445, the delay tap associated with the identified
median table entry may be stored and used as a calibration
delay for the differential communication line.

FIG. 5 schematically illustrates a device to calibrate a
differential commumnication line, according to another
example. The communication line may comprise N+1 num-
ber of data lines, e.g. N+1 LVDS lines, and a clock line. The
clock line may be transmitted synchronously with the data
lines. The clock line may set a frequency of transmission
through the differential communication line, 1.e. through the
N+1 data lines. The device 500 may comprise a delay
compensator 305. The delay compensator 505 may comprise
a fine compensator 510 and a coarse compensator 5135. The
fine compensator 510 may comprise N+1 fine delay blocks
(510-0 to 510-N). Each fine delay block may comprise delay
taps. The coarse compensator 515 may comprise a serial to
parallel register. The serial to parallel register may comprise

10

15

20

25

30

35

40

45

50

55

60

65

4

N+1 coarse delay blocks or “bitslips” (515-0 to 515-N).
Each coarse delay block may correspond to a bitslip posi-
tion. Each coarse delay block may be coupled to the output
ol a corresponding fine delay block. The output of the coarse
delay blocks may generate alignments of the data words at
theirr input. Each alignment may correspond to a bitslip
position of the coarse delay block.

In one implementation, the delay compensator may com-

prise 8 coarse delay blocks and 8 fine delay blocks. Fach fine
delay block may comprise 32 taps. Each tap may generate a
delay of 78 ps. Thus, each fine delay block may provide a
delay of up to 2496 ps (32x78 ps). This delay corresponds
to a frequency of approximately 400 MHz (1/2496 ps). Thus,
when the clock frequency 1s set at 400 MHz, any transmis-
sion with skew may be picked up during sampling as the
delay windows may cover the time between samplings. The
output of the coarse delay blocks may be coupled to the
input of an error comparator 520. The error comparator 520
may comprise descramblers 522 coupled to error counters
524. The descramblers 522 may comprise N+1 descram-
blers, one for each data line, to receive the message
sequences from the coarse delay lines and i1dentify errors 1n
the transmission. Accordingly, the error counters 524 may
comprise N+1 error counters, one for each descrambler. The
error counters may receive the identified errors and count the
errors per data line. The error comparator 520 may be
coupled to delay controller 525. The delay controller 525
may be coupled to the fine and coarse delay blocks and may
comprise circuitry, such as a processor and a memory
storage having a delay control instructions for operating the
circuitry to perform control of the fine and coarse delay
blocks. The delay controller 525 may receive the error count
from the error comparator 320 and provide the delay control
instructions or signals corresponding to the delay control
istructions to the fine and coarse delay blocks to select a
next tap and/or bitslip for testing the delay and for calibrat-
ing the differential communication lines. The results of the
delay testing may be stored 1n a memory 530.

In one example, the device may be implemented using
field programmable gate arrays (FPGA). During calibration,
the transmitter FPGA may send continuously the calibration
sequence, (e.g. a pseudo-random sequence) and also the
associated clock. The receiver FPGA may wait to get locked
to the transmitted dock. Then, the receiver FPGA may
checks 1f there 1s activity in the cable in order to start the
calibration process. For example, 1t may check for input data
other than all ones or zeros. For each input 1t may have an
independent pseudo-random receiver that may get locked
with the transmitter sequence. For each input a selected
bitslip and a selected delay (tap) may be tested. It there are
no errors 1n a selected period of time, this selected pair of
bitslip and delay may be considered as valid. This process
may be repeated for all bitslips and 1n each bitslip, all delay
positions may be tested. Finally a table may be generated
inside a RAM 1n the FPGA and the FPGA may select for
cach mput a sampling delay and bitslip for each 1nput.

The following (hexadecimal) table 1s an example of a
table generated for a diflerential communication line:

TABLE 1
Bitslip Delay taps
0 00 00 00 00
1 00 ff {f 00
2 00 00 00 00
3 00 00 00 00
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TABLE 1-continued
Bitslip Delay taps
4 00 00 00 00
5 00 00 00 00
6 00 00 00 00
7 00 00 00 00

In the example Table 1, delay taps within bitslips 0 and
2-7 generate errors. Thus corresponding data entries may be
set to “0”. In batslip 1, sixteen of the delay taps (out of 31
delay taps), 1n the example the delay taps 8-23, may provide
valid messages. Thus corresponding data entries may be set
to “I”’. Amedian tap, e.g. tap 16, may be selected to calibrate

the corresponding differential line.

FIG. 6 schematically illustrates a block diagram of a
printer comprising a skew calibration device. Printer 600
may comprise a print engine board 6035. The print engine
board may generate print data. An LVDS transceiver 607 of
the printer engine board 605 may be coupled at one end of
a multiple-pair cable 610 to transmit the generated data over
the multiple-pair cable 610. The multi-pair cable may carry
a clock signal and multiple LVDS data channels. The clock
signal may be used to sample the LVDS data. The printer
may further comprise a printer carriage board coupled at the
other end of the multiple-pair cable 610. The printer carriage
board 620 may comprise an LVDS ftransceiver 625 with
cable calibration logic 627. The cable calibration logic 627
may receirve the print data and apply corresponding delays to
the LVDS data lines to compensate for skew over the
multiple-pairs of the cable. Thus, using the cable calibration
logic, data may be sampled correctly at the printer carrnage
board 620.

FIG. 7 schematically illustrates a flow diagram of oper-
ating a printer using cable calibration logic. In block 705,
printing activity may be i1dentified. Then, 1n block 710, a
cable calibration process may be performed as disclosed
herein. During cable calibration a dock frequency may be
selected. In block 715, a table with indications of delays may
be generated. In block 720, delays not generating errors, 1.€.
skew-compensating delays, may be selected. In block 725,
selected skew-compensating delays may be applied to the
data lines. In block 730, printing data may be received at the
selected frequency.

The proposed calibration techniques may be applied to
communication lines, e¢.g. communication lines between
engine boards and carriage boards of LFPs, supporting
cables of up to 9 meters, multi-giga-bit-per-second band-
widths and multi-million scan cycles. The proposed tech-
nique may be implemented using FPGAs. The FPGA may be
programmed to select the parameters, e.g. the median delay
as represented in the table stored in the memory, using a
pseudo-random binary sequence. It may also be used to
qualify cables during a cable selection process by measuring
skew. Cables with mimmmum skew may be selected for
applications with extended scan cycles whereas cables with
more skew may be used for less demanding applications or
not selected at all.

FIG. 8 schematically discloses a flow diagram of a
method of categorizing cables according to an example. In
block 805, a clock (transmission) Irequency may be
selected. In block 810, a pseudo-random signal may be
transmitted through a multi-line cable. The multi-line cable
may be a multi-wire, single ended cable or a multi-pair
differential cable. In block 815, multiple delays may be
introduced in the received signal. In block 820, delays
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resulting in correct reception of the transmitted signal may
be 1dentified and stored 1n a delay table. In block 825, the
cable may be categorized based on the amount of delay used
for correct reception. That 1s, cables where less delay may be
introduced to compensate for skew may be usable with
higher frequencies than cables where more delay is intro-
duced. Thus various categories of cables and corresponding
cable lengths may be generated and used subsequently to
select appropriate cables for applications at higher or lower
frequencies.

It will be appreciated that examples described herein may
be realized in the form of hardware or a combination of
hardware and software. Any such software may be stored in
the form of volatile or non-volatile storage such as, for
example, a storage device like a ROM, whether erasable or
rewritable or not, or in the form of memory such as, for
example, RAM, memory chips, device or integrated circuits
or on an optically or magnetically readable medium such as,
for example, a CD, DVD, magnetic disc or magnetic tape. It
will be appreciated that the storage devices and storage
media are examples of machine-readable storage that are
suitable for storing a program or programs that, when
executed, implement examples described herein. Accord-
ingly, some examples provide a program comprising code
for implementing a system or method as claimed in any
preceding claim and a machine readable storage storing such
a program. Still turther, some examples may be conveyed
clectronically via any medium such as a communication
signal carried over a wired or wireless connection.

All of the features disclosed 1n this specification (includ-
Ing any accompanying claims, abstract and drawings), and/
or all of the operations of any method or process so
disclosed, may be combined 1n any combination, except
combinations where at least some of such features and/or
operations are mutually exclusive.

Each feature disclosed in this specification (including any
accompanying claims, abstract and drawings), may be
replaced by alternative features serving the same, equivalent
or stmilar purpose, unless expressly stated otherwise.

Although a number of particular implementations and
examples have been disclosed herein, further vanants and
modifications of the disclosed devices and methods are
possible. As such, representative examples of the present
disclosure have utility over a wide range of applications, and
the above discussion 1s not intended and should not be
construed to be limiting, but 1s oflered as an illustrative
discussion of aspects of the disclosure. Many variations are
possible within the spirit and scope of the disclosure, which
1s intended to be defined by the following claims—and their
equivalents—in which all terms are meant 1n their broadest
reasonable sense unless otherwise indicated.

The mmvention claimed 1s:

1. A device to calibrate a communication line, comprising:

a clock to set a frequency of transmission through the
communication line;

a delay compensator, comprising multi-tap delay lines to
introduce delays 1n a transmitted message to compen-
sate for skew 1n the communication line;

an error comparator, coupled to the delay compensator, to
identily errors 1n the messages transmitted through the
multi-tap delay lines above an error margin;

a delay selector, coupled to the error comparator and to
the delay compensator, to select taps of the multi-tap
delay lines of the delay compensator; and

a memory to store taps of the multi-tap delay lines when
no errors are 1dentified for the selected clock frequency.
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2. The device according to claim 1, comprising a plurality
of communication lines.

3. The device according to claim 1, wherein the delay
compensator comprises a fine compensator and a coarse
compensator.

4. The device according to claim 3, wherein the fine
compensator comprises a multi-tap delay line.

5. The device according to claim 3, wherein the coarse
compensator comprises a serial to parallel register.

6. The device according to claim 1, wherein the error
comparator comprises an error counter.

7. The device according to claim 1, wherein the commu-
nication line i1s a single-ended communication line or a
differential communication line.

8. The device of claim 1, wherein the communication line
1s a differential communication line comprising a number of
paired wires, each pair for transmitting a differential signal.

9. The device of claim 1, wherein the delay selector
selects a median tap of a tap range demonstrated to transmit
messages within the error margin.

10. A method of calibrating a communication line com-
prising:

setting a frequency of communication;

sending a predetermined message over the communica-

tion line;

receiving the predetermined message at a delay compen-

sator;

delaying sampling of the predetermined message using

selected tap delays;

for each selected tap delay, performing comparison of the

sampled delayed message with the transmitted prede-
termined message; and

storing indications of the result of the performed com-

parisons 1n a table.

11. The method according to claim 10, wherein sending a
predetermined message comprises sending a pseudorandom
bit sequence.

12. The method according to claim 10, storing indications
comprises storing an indication of a sampling delay to
compensate for skew along the communication line.

13. The method according to claim 10, comprising send-
ing multiple predetermined messages along parallel com-
munication lines.

14. The method of claim 10, further comprising identi-
fying a tap range stored in the table that results in a
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comparison between the sampled delayed message and the
transmitted predetermined message that 1s within an error
margin.

15. The method of claim 14, further comprising selecting
a median tap in the 1dentified tap range as an operating tap
for delaying the transmission of messages over the commus-
nication line.

16. A printer comprising:

a printer engine board;

a printer carriage board;

a cable connecting the printer engine board and the printer

carriage board;

a clock to set a data rate of transmission through the cable;

wherein,

the printer carriage board comprises cable calibration
logic to compensate skew of the cable, the cable
calibration logic comprising:

a delay compensator to introduce selected delays in a
transmitted message;

an error comparator, coupled to the delay compensator, to
identily errors in the messages transmitted through the
delay compensator;

a delay selector, coupled to the error comparator and to
the delay compensator, to select delays of the delay
compensator; and

a memory to store indications of the errors 1dentified for
the selected delays.

17. The printer according to claim 16, wherein the cable
calibration logic comprises a field-programmable gate array
(FPGA).

18. The printer according to claim 16, comprising a large
format printer.

19. The printer of claim 16, wherein the cable i1s a
differential communication line comprising a number of
paired wires, each pair for transmitting a differential signal.

20. A method of categorizing a multi-line cable, compris-
ng:

selecting a signal transmission frequency;

transmitting a preselected signal over the multi-line cable;

introducing multiple delays to the received signal;

identifying delays, from the multiple introduced delays,
resulting 1n correct reception of the preselected signal;
and

categorizing the cable based on the identified delays.
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